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CHAPTER 
iNTRODUCTION 
Viruses are obligate parasites. They multiply only 
in living hosts. They are highly specific and can live only 
in certain hosts. Accordingly, there are insect, animal, 
plant and bacterial viruses, depending on the type of host 
in which they replicate. 
There is no conclusive evidence for viruses of 
plants being able to replicate in animals, nor for animal 
vfruses being able to replicate in plants, In fact a plant 
virus like tobacco mosaic virus causes a systemic disease 
in tobacco plants, a localized necrosis in pinto beans and 
Nicotiana glutinosa and has no effect on some other plants 
suggesting the specificity of viruses. Likewise, animal 
viruses are known for their specificity. Certain strains of 
influenza virus infect horses while other strains infect 
man. An animal virus, hepatitis B (HBV) is so specific that 
man is the only confirmed natural host. 
In 1973, Banatvala and Payne reported that hepatitis 
B virus could be transmitted to tobacco plants and cause 
necrosis of the leaves. This was exciting, as it suggested 
that viruses could cross kingdom lines in the type of host 
which they infect. Many workers were unsuccessful in trying 
to repeat their experiments; Beasley and Su (1973>", Howard 
and McCarthy {1974) and Dhaliwal, Rubinstein and Dietz. 
{1974). However, Kelkar et a1. (1975) in India, was able 
to induce leaf· necrosis in one species of tobacco plant, 
but was unsuccessful with a second species. 
The purpose of this research is to conffr~ the 
~replication of HBAg in !!_icotia;la s¥lvas.tri~ and Nicotiana 
· :.taJJaccu;, variety xanthi by studving the morohological, 
"'~·~:.;....,....·-·--:-· .. . 
cytological and histoc~emical changes occurring in inocu-
lated plants. 
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CHAPTER II 
REVIEW OF THE RELATED LITERATURE 
The under-mentioned literature pertains only to my 
research on the interaction of hepatitis B antigen with 
plants. 
THE HEPATITIS ANTIGENS 
-
Hepatitis may be caused by one of the hepatitis 
viruses (type A or B), or some other viruses such as yel-
low fever virus, cyclomegalo virus or Epstein-Barr virus 
{Lennette, 1974). In 1946, MacCullum and Miles reported 
that the virus-like agent {presumably hepatitis causing 
virus) could be transmitted only nine times in cell culture. 
Mosley (1967) speculated that this may be explained in terms 
of latent hepatitis, which requires an activation of the 
virus in rats by some unknown host component. In an attempt 
to understand hepatitis and possibly even control it, scien-
tists (Colbert (1948): Maynard et al. (1975)) attempted to 
cultivate the human hepatitis agents in laboratory animals. 
However, the results obtained by these investigators were 
not confirmed. 
Ward and Krugman (1962) reported that hepatitis type 
A could be transmitted parenteraliy although it is not the 
natural route. Blumberg et al. (1971) isolated an "Australia 
3 
. Antigen" and he was ab 1 e to show hepatitis type A -and type B 
were caused 'by distinct agents. Okochi et al. (1970) found 
ihat there was a strong association between Australia anti-
gen in the serum and post transfusion hepatitis. 
Through electron microscope studies Bayer et al. 
(1968) found that Australia antigen contained 19- 21 milli-
microns diameter particles. They were round to ovoid in 
shape and some had "knob-1 ike structures projecting 30 mi lli • 
microns". Almeida et al. (1969) saw antigen and tubular 
forms which were several thousand angstroms in length. 
Krugman and G i 1 es in 1970 reported the ora 1 trans-
mission of serum hepatitts. 
Dane et al. (1970) discovered double-shelled virus-
like particles (42 rim.) in the multiple serum specimens of 
patients with Austral ia-Antigen-Associat~d hepatitis. They 
postulated that these might be the complete virus particles 
' 
while the 22 nm. particles and the long antigen particles 
we re s u rp 1 us • 
VACCINATION CONTAINING HBAg: SEROLOGY 
Krugman et al. (1971) prepared 11active" vaccine from 
hepatitis type B strain ,MS-2 by boiling to inactivate the 
virus. Children were given two inoculations at four month 
intervals and they reported that hepatitis B was prevented 
in thirty-nine (out of forty-five) children in this way. 
Differential diag~ostic procedures for type A and type B 
5 
·hepatitis vi.ruses were studied by Giles and Krugman (1972). 
They found type B had a longer incubation period than type 
A. While trying to correlate post-transfusion hepatitis with 
the Australia antigen, Gocke (1972) investigated the case 
histories of patients receiving transfusion of blood posi-
tive for Australia antigen and found that_52% of the patients 
developed hepatitis and 23% developed an irrunune response. 
The aetiology of the human viral hepatitis was in-
vestigated by a conmittee chaired by Evans (1972). The Milan 
antigen that was cultivatable in marmosets, appeared to be an 
abnormal serum-lipop1·otein and was associated with liver dam-
age. However, it was found that thi-s antigen was not speci• 
fically related to infectious hepatitis. Both type A and 
type B hepatitis produce pathological liver lesions, but 
they were not distinguishable~ Clinical differentiation 
alone was usually not conclusive, as hepatitis was quite 
variable (Lennette, 1974). 
Hirschman (1974) postulated that the DNA polymerase 
.associated with HBAg might be used as a chemical tag for 
HBV. Thus, attention was focused on the Dane particle core 
which seemed to be enveloped by protein strands. In further 
studies, Hirschman et al. (1974) isolated infected liver 
cells and studied purified intranuclear particles. Ultra-
violet absorption spectra showed peaks at 264 and 280 .nm. 
The particles observed were 27 - 28 nm. in diameter. 
6 
Electron microscope studies on sera treated with 
·chloroform a_nd protease suggested that there \'las an antigen 
associated with the Dane particle coat but not associated 
with any of the small spheres or tubules (Moodie et al. 
(1974). They also noted it was destroyed by the protease, 
postulating it might account for the frequency of HBAg+ 
sera with complexes of Dane particles only. 
STABILITY £E HEPATITIS~ ANTIGEN 
Favero et al. (1974) performed several experiments 
to determine whether cleaning and disinfecting techniques 
used in the laboratory were inactivating the HBAg. The sur-
faces tested were stainless steel. and cotton swabs. Expo~ 
sure to constant conditions of 25oc and 42% R.H. only reduced 
the antigenic activity 15 to 20% and almost no ~ntigenic ac-
tivity was lost when the swabs were shipped for seven days. 
They were able to recover about 10% of the antigen after 
normal swab rinse techniques. Simil~rly, Krugman et al. 
(1970) found differences in heat resistance of type A and 
type 8 hepatitis. In a re 1 at i ve 1 y small period of time, the 
virus was inactivated at 98°C. He found that type A was 
' 56°C resistant when exposed to for 1 hour and type 8 with-
stood 60°C for 4 hours. 
Cameron and Dane (1971+) demonstrated the technique of 
radioimmunoassay for the measurement and detection of viral 
antigens and antibodies. They found it particularly useful 
7 
for HBAg detection. 
INTERNATIONAL HEPATITIS SEMINARS 
The year 1975 was important in hepatitis research. 
Two major worldwide seminars were held. Purcell (1975a) 
discussed the recent advances in hepatitis A research. He 
discussed Reinhardt's transmission of type A to marmosets 
and further stated that marmoset and human antigens were not 
identical. Similarly, Purcell (1975b) discussed the current 
' 
understanding of hepatitis type B, co_r,relating exposure and 
infecti.on. Infection is associated with production of rela-
tively large quantities of antigen. Prophylaxfs i~ being 
studied using this antigen and surface antigens in chimpan-
zees and rhesus monkeys, hoping to prevent hepatitis as a 
current disease in man. Immunization studies by Purcell and 
~erin.{1975) presented a three-step procedur~ to remove {in-
activate) the HBV in the starting human material: 1. Dane 
particles were removed by centrifugation, 2. The remaining 
non-infectious particles were then purified by centrifuga-
. 
tion and as a final precaution, they were formal in tre~ted. 
Potency of the prototype subunit vaccine was tested in guinea 
pigs. They found that the hepatitis B surface antigen, 
though inactivated, was dapable of eliciting an inmune re-
sponse, 3 •.. .Tests of the vaccine's safety were performed 
using serologically-negative chimpanzees. The immunization 
was given in two doses, one month ~part. No signs of infec-
8 
tion were observed, however,. the affected animals did develop 
hepatitis B ·surface antibody. 
I~ HEPATITIS REALLY A VIRAL DISEASE? 
-- . . .. · -
Portoc~lo ( 1974) rep_orted some interesting theories 
-,, '. : 
based on his study of hepatitis. One premise is that hepa-
titis has 1 iver involvement where hepatocytes have lesions 
of v~rious intensities. Sometimes, large zones of cellular 
lysis are evidenced. This severity can be expressed by 
changes i11 serum protein concentrations (implying that 
structural hepatocyte changes cause functional changes and 
this c~ange allows release of products into the blood). His 
investigation suggested that the physical and chemical prop-
erties of the Australia antigen makes it behave 1 ike a high 
molecular weight protein instead of a viral particle. The 
hypothesis was tested by studying the interact[on of Aus-
tralia-antigen and human serum, normal human serum a~d rabbit 
anti-human liver serum subjected to electroifTITiunodiffusion. 
Interaction of the Australia antigen with human liver anti-
bodies supports the idea that a protein released by the 
liver causes the lesion rather than the hepatitis B virus. 
CHARACTERIZATION OF THE CORE AND SURFACE ANTIGEN 
-~---- ............ 
Almeida and Waterson (1975) suggested that further 
research should be undertaken to study the possibility of 
perfecting HBsAg as a means of protection from hepatitis. 
. HBsAg is rep or ted to consist of a mini-mum of nine po 1 ypep-
tides (two o·f which are thought to be glycoproteins)., most 
9 
of which contained the group specific 1 a 1 and subtype 
specific 'd' or 'y' determinants inherent in their struc-
ture (Gerin et al. 1975). Purified preparations of HBsAg 
allowed Dreesman et al. (1975) to identify four to six dif-
ferent polypeptides, three gJycoproteins, cholesterol, threej 
polar lipids and two glycolipids composing two distinct 
antigen subtypes. 
Liver tissue, obtained by autopsy and needle biopsy, 
from thirty-eight patients with HBV were studied by Huang 
(1975a) and he consistently found most of the HBcAg (21 -
25 nm.) in the liver cell nuclei and just a small amount in 
the cytoplasm. He found the HBsAg in the endoplasmic retic-
ulum and used this for diagnosis and staining of the-HBcAg 
was facilitated by protease treatment. 
Several researchers, studied the association between 
DNA polymerase and the core antigens (Hirschman et al., 1975; 
Robinson, 1975; and Schuurs and Wolters, 1975). Although 
the data was inconclusive, it was suggested that the DNA 
polymerase associated with HBAg was specific for its own 
DNA as a template. 
INTERNATIONAL ~AG~R~E-EM~E~N~T ~ NOMENCLATURE 
The United States Communicable Disease Center 
10 
(MMWR, 1977) accepted the terminology agreed upon at an 
international convention. With respect to hepatitis B virus, 
the following nomenclature was accepted: 
HBV: 
HBsAg: 
HBcAg: 
HBeAg: 
Anti-HBs: 
Anti-HBc: 
Anti -HBe: 
DISEASE SYMPTOMOLOGIES 
Hepatitis B virus (42 nm. double 
shell, origin~lly the Dane particle). 
-
The hepatitis B antigen found on the 
surface of the virus and on unattached 
22 nm. spheres and tubules. 
Antigen within the core of the virus. 
•e• antigen closely associated with 
hepatitis B infection. 
Antibody to HBsAg. 
Antibody to HBcAg. 
Antibody to HBeAg. 
There are several objective signs leading to a clin-
ical diagnosis of hepatitis. Seide (1967) reported that the 
clinical manifestations include fever, mucotaneous manifesta-
tions, cardiocirculatory disturbances, abdominal signs, uri-
nary dysfunction, central nervous system manifestations 
(fatigue, apathy and depression), hematological changes and 
abnormalities of serum constituents 1 ike enzymes. 'Rossi 
(1972) reported that four proteins were affected: albumin 
decreased in concentration and alpha, beta, and gamma glob-
ulins increased in concentration. The enzymatic changes 
1 1 
noted were an increase in ~erum glutamic pyruvic transamin-
ase, serum glutamic oxalacetic transaminase, lactic de-
-hydrogenase, fructose-1-phosphate-aldolase, sorbital de-
hydrogenase, leucine aminopeptidase, ornithine dehydrogen--
ase and a decrease in cholinesterase. The onset may be 
sudden or gradual with anorexia, headache, irritability, 
vomiting and abdominal discomfort. 
Krugman and his associates (1960, 1961, 1962, 1967) 
performed several studies on hepatitis, providing evidence 
for two types of infectious hepatitis, MS-l and MS-2 viruses, 
having different clinical, biochemical and imm1..1nological 
characteristics. The MS-1 virus had an incubation time of 
31 to 38 days while MS-2 h~d an incubation period of 41 to 
69 days arid both were orally transmitted. The two were dis· 
tinguished on the basis of serum transaminase activity and 
thymol turbidity. The patients which had been infected with 
MS-1 virus were immune to reinfection, ~tJhile those with 1'1:5-2 
were susceptible to MS-1. 
HEPATITIS .8!!Q o,;..;R~EL;;-.A.-T....-E __ D 0 I SEASES 
Four out of eleven patients with polyarteritis 
nodosa were also found to have Australia antigenemia (Gocke 
et al. 1970). The four ~t1ho were positive ~or Australia anti-
gen had typical polyarteritis syndrome but they differed from 
the others in that they had evidence of mild liver damage. 
In a second st~dy (Gocke et al. 1971) on the association 
·between infectious agents and connective tissue·dlsorders 
(vasculariti"s) they could not ascertain the mechan:l·sms 
responsible. In a similar type of study, Waterson (l972), 
found that the susceptibility of the patient to hepatit~~ 0 
increases when the patient has New Castle's disease. 
HEPATITIS DETECTION METHODS 
Indirect methods measure changes in the system due 
to the viral· infection. Krugman·et al. (1967) studied the 
12 
changes in serum glutamic oxalacetic transaminase (SGOT) 
and se.rum glutamic pyruvic transaminase (SGPT) levels. Both 
levels i~crease greatly but the SGPT fs more specific for 
hepatocyte injury because, unlike the SGOT, it is not ele-
vated ~n-.patients with cardiac damage. The ratio of SGOT 
to SGPT was discussed by DiRitis et al. (1957). 
A white blood cell count also p~ovides an indirect 
method of determining presence of the virus. In the pre-
icteric phase, there is a characteristic leukopenia while 
.....,.___ __ . ____ ~·-··- ............ ~---
towards the end of the phase, large atypical lymphocytes 
are present, similar to those with infeetious mononucleosis. 
Serum bilirubin may be n~asured as it rises upon viral in-
fection and bile can be detected in the urine before the 
cpncentration of serum bilirubin rises (Bodansky, et al. 
( 195 9). 
Direct methods for the detection of hepatitis virus 
are also available. Counterelectrophoresis (Hyland Labora-
tories, 1973) detects hepatitis associated Australia anti-
gen. It does not differentiate between types of hepatitis 
viruses. The principle involved in this method is that in 
a negatively charged gel, ga11111a globulins (antibodies) are 
displaced in movement toward the cathode by the endosmatic 
flow of buffer in the gel. 
Rheophor_~~~ls._ is a specialized method of agar gel 
_,.. . .......----· --~---- .. -·~· ·-· . ' ----- ... 
13 
diffusion for the detection of hepatitis associated antigen 
(Jambazian and Holper, 1971) where the agar diffusion cup 
is surrounded by a circular moat filled with buffer and the 
entire surface is covered by a piece of plastic containing 
a hole directly over the antibody well. Dehydration of the 
antibody well caused production of hydrodynamic forces and 
concentration of the proteins toward the center of the plate. 
Sensitivity of this test was increased by Ashcavai and 
Peters (1973) by modifying the circular pattern into a hex-
agonal test pattern which allows higher concentrations of 
test serum to be delivered to the antibody in contrast to 
the usual immunodiffusion, with the serum being dissipated 
in all directions. Positive reactions are shown by precip-
itin rings. 
The ability of complement to combine with antigen-
antibody complexes can be used to detect immune reactions 
eve~ when agglutination or precipitation tests are absent. 
An advantage of this test is that either soluble or insol-
uble antigens may be used. It depends upon two properties 
14 
. o.f comp 1 ement; the 1 ys is of sensitized erythrocyt~s and the 
. . . 
binding (fixation) of complement by antigen-antibody com-
~lexes. The test is quite sensitive and can even be used 
to determine the titre (Kabat and Mayers, 1967). Vya~ and 
Shulman {1970) describe hemagglutination assays using red 
cells coated with isola.ted antigen-coupled with chromic 
chloride for antibody detection, while antigen detection is 
dependent upon the inhibition of hemagglutination. Cayzer 
et al. (1974) improvised on this technique using turkey 
erythrocytes coated with affinity-colvmn-purified antibody 
to HBAg. Blood screening programs use this method rather 
than radioimmunoassays due to its speed, simplicity and cost, 
even though it is less sensitive. 
RIA can be used in t¥/O ways (Purcell, et al .. 1973 and 
1974)_. One type is used to detect the Dane particle core 
antigen and the specific antibody. The core was found in 
Dane particle concentrates but not in preparations of the 
22 nm. particles. 
PATHOLOGICAL CHANGES 
4 _;. 
Pathologists studying hepatitis patients have found 
that the main changes occur in the 1 i ve r. According to 
Edgington and Ri tt (1971) agents such as the SH virus po?.:_ 
ses~ unique pathogenic potential beyond that of dir.:~ct v!ral-
indticed .tissue inJury. (demonstrated by snap frozen needle 
~ ' . 
biop.sles). Th.e _acute phase characteristically sho,,\ls a gre<.~t 
15 
·.swelling or ballooning of 1 iver cells (Smetana, 1957). The 
cytoplasm has a ground glass appearance with lysis of the 
nuclei and cytoplasmic membranes, eosinophillic necrosis 
and foci of collapse which quite often are associated with 
infiltration of mononuclear cells. By the time jaundice 
appears, widespread parenchymal destruction may be evidenced. 
In most cases, a complete regeneration of 1 iver occurs in 
two to three months. The regenerative changes are character-
ized by amitotic and mitotic activity with multinucleated 
-· 
cells appearing two to three weeks after the onset of jaun-
• r 
dice. 
Mallory {1947) describes subacute hepatitis as 
hepatitis resulting in death in three to eight weeks. The 
liver size is either redw::;:ed or abnormally large. Often it 
is ve~y deformed, with yellow-green nod~les surrounding red-
depressed areas. Cut surfaces may appear granular with 
irregular parenchymal destruction. After death, the follow-
ing changes may be seen; inflammation: stomach hemmorhages, 
epig~strointestinal wall hemorrhages, and lesions may be 
detected in the duodenum, jejunem and kidney. The most 
dev~stating type of hepatitis is fulminatfng hepatitis. 
Death occurs within ten days, 1 iver size is reduced, acute 
yellow atrophy can be seen, ce11s are corr.p1ete.ly destroyed' 
with no evidence of regeneration and numerous macrophages 
and erythrocytes are seen in lobular remnants (Locke and 
Mallory, 191+6}. Livel· sections may be stained with eosin 
. and hematoxylin and studied under a microscope with 330X 
magnificatidn, for cobblestone cytoplasmic patterns, en-
larged nuclei, focal points and finely divided nuclear 
chromatin. 
Three basic types of stains can be used for the 
detection of Australia Antigen: conventional paraffin 
sections, immunofluorescent microscopy or immunoelectron 
microscopy. 
t I 
16 
Shikata et al. (1974) compared several light micro-
scope staining techniques on conventional formalin fix~d 
p~raffin embedded 1 iver sections to detect cytoplasmic in-
clusion bodies (characteristic nf infect1on by the ~ustral­
ia antigen}~ The dye's affinity for Australia antigen was 
confirmed by the fluorescent antibody technique. They 
found that the modified orcein method, Gomori's aldehyde-
fuchsin method and the aldehyde-thionine method were the 
best. The stains were able to clearly demonstrate cyto-
plasmic inclusion bodies (thought to be Australian antigen 
aggregates) even though this Is contrary to p~evious 
thoughts. 
Huang (1975b) developed an immunohistochemical 
staining technique to demonstrate the hepatitis B core 
and s~rface antigens. This stain gave evidence to indi-
~ate that the HBsAg is produced exclusive 1 y in the cy~e>.::~. 
plasm of the liver cells. Ground glass cytoplasmic changes 
were shown with conventional hematoxylin eosin stains and 
controls were done by staining some sections using Sbikata 
et als. (1974) modified orcein method. 
1!:!f CULT IN AT I ON .Q.E ..... HE_..P .... A--T._I T._I_S .v..:.;l R;.;.;U;..;S;..;;;E-..S 
17 
Jenson (1970) grew organ cultures (fragments} of 
human inguinal lymph nodes, taken from four patients under 
five years of age, by placing them on human fibrin and foam 
which w•s maintained in a nutrient media for up to eighteen 
days. -~lectron microscope studies showed that the cells 
were viable. At this time, they were inoculated wi-th either 
H~rpes simplex or Australia antigen. The cultures were 
checked at:48 and 96 hours for the presence of virus. At 
both ti~e intervals, all the cultures inoculated with H~rpes 
simplex showed the presence of Herpes simplex and one of 
four cultures showed the presence of Australia antigen. 
They concluded that some lymph node organ cultures may sup-
port the production of Australia antigen but this was not 
confirmed. T~lymphocytes were stimulated with phytohemag-
glutinin in carriers of Australia antigen by Clot et al. 
(1973). They suggested that the HAA sera could inhibit the 
proliferation of normal lymphocytes. 
Rubenstein et al. (1974) used rat and monkey livers 
to obtain liver cells for tis~ue cultures. The workers 
then tried to cultivate some viruses in the cells. They 
found that rat cells supported the growth of Sendai virus 
and monkey cells could maintain yellow fever virus. When 
organ cultures (human embryo liver) were used, adenovirus 
·type 5 and ~erpes simplex· could be maintained. Australia 
antigen 'failed to grow in cultures of liver cells from 
monkeys or humans. 
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Schable et al. (1974) used transformed chimpanzee 
lymphocytes ~o ascertain whether or not they would support 
hepatitis B virus replication. They continued their experi-
ment for five months and could not detect surface antigens 
or antibodies of hepatitis. Oeinhardt et al. (1975) used 
marmosets, but found that only some were susceptible to 
hepatitis A (given orally). Antigen presence was confirmed 
in fecal specimens. They used several different strains for 
inoculation. The recoverable antigen strains of MS-1 and 
CR-326 were antigenica11y similar or identical but the GB 
strain was- quite di-fferent. Upon-- repeated infection, 1 i ve r 
nec.rosis occurred in some animals while others became immune. 
Serial transmission was evidenced and the entire experiment 
was repeated by several laboratories (Purcell, 1975b). 
The infectivity of non-human primates with virus-
1 ike particles associated with MS-1 hepatitis, was reviewed 
by Maynard et al. {1975). Both marmosets and chimpanzees 
were inoculated and.upon isolation, 27 nm. particles of 
virus were observed under immunoelectronmicroscopy of liver 
and stool samples. They concluded that infectivity of these 
animals was a possibility. 
' Almeida and Waterson (1975) stated that HBAg cannot 
·be grown in vitro so workers must depend on serological, 
biochemical and e-lectron~ microscopy. Conversely, Barker 
et al. (1975) observed the natural infection of chimpan-
zees with HBV :and it seemed that this species might pro-
vide a sensitive model system for type B-hepatitis. 1n 
most cases, chimpanzees which were negative for HBV, when 
inoculated, produced serological evidence of infection. 
Infection was evidenced by the appearance of circulating 
HBsAg and later antibodies (surface and core) were present 
in the,serum. Thirty-one of forty•si~ inoculated animals 
showe9 enzyme changes characteristic of J iver damage. The 
titre of HBV {both adw and ayw subtypes) used was 107.5 
infectious units per.milliliter~ They also tested Rhesus 
--
monkeys for infectivity of HBV but found them to be less 
sensitive than the chimpanzees. 
Zuckerman ( 197.3) studied HBV in both tissue and 
organ cultures. He cultivated human and non-human-primate 
liver cells. He demonstrated the presence of fluorescent 
anti HBcAg and fluorescent anti HBsAg attachment to the 
cytoplasm and nucleus. Some HBsAg was produced although 
not often in organ cultures. Serial passage could not be 
achieved in these cases. Serial passage has been achieved 
in some cases using pieces of human-liver-embryo {culti· 
va ted on CAM de ve 1 oping 'Chick embryos") • 
Wicks et al. (1975) assessed thymus derived (T) 
lymphocyte function in healthy carriers of HBsAg in com-
19 
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parison to those with acute viral hepatitis B. The function 
was assessed using phytohemagglutinin (PHA) to induce blast 
cell transformation and also sheep cell rosette formation. 
The over-all cell mediated immune function (T-lymphocytes) 
was similar for three in vitro studies except for a decrease 
in the total number ofT-cells in patients with acute hep-
atitis. They felt that this :implied the virus was responsible 
for reduced production ofT-cells. 
In mid-1973, Banatvala and Payne reported that they 
had,inocu1ated the tobacco plant, Nicdtiana !Yl~estris with 
sera positive for hepatitis B antigen and the inoculated 
p 1 ants deve 1 oped 1 es ions. This \'lias exciting news. It had 
been previously thought that the host specificity of viruses 
--
restricted them to one kingdom. Many other researchers tried 
to reproduce their experiments. Beasley and Su (1973) in-
oculated 150 plants (!!,. sylvestris) with 0.1 ml. of HBAg+ 
sera. The environmental conditions used were 25oc, RH 85%,·' 
for 7 weeks after germination. They were subjected to a ten 
hour dark phase and were then inoculated. Their results 
showed no lesions. They postulated that the failure to get 
lesions was because they used subtype ad (a Taiwan strain) 
but Banatvala and Payne did not say which subtype they used. 
Payne and Banatvala {1973) published a second re-
port stating the exact envlr6nmenta1 conditions they used 
in response to those people who could not reproduce their 
results. Seeds were sprinkled on soil in 15 em. pots and 
allowed to germinate for 2 to 4 weeks at 22°C and 70% RH. 
They were transplanted when they were approximately 1 em. 
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tn height. Thirty-five plants of the same size were put in 
each tray. The first true leaves were to be 1.5 em. long 
at time of inoculation and the plants' susceptibility to 
infection was enhanced by a 24 hour growth phase in the ab-
sence of light immediately before inoculation. They also 
reported that strains of~· sylvestris differ greatly. 
Howard and McCarthy (197L~) used three types of 
tobacco plants in attempting to reproduce the experiment. 
T~ey used!· ~ylvestris, !· tabaccum, variety xanthi and 
!· tabaccum variety white burley. They failed to obtain 
positive results. They did report that the inoculation 
procedure itself could irreversibly damage young plants 
and this damage might be mistaken for necrosis. They did 
not get any effect using purified antigen at high concen-
trations, so it was postulated by them that it was not toxic 
to plants. 
Dhaliwal et al. (1975) used the tobacco plant, N. 
sylvestris and the cowpea, Vigna sinensis to study the 
effect of HBAg. They did not get lesions on either type of 
plant but they did get some inconsistent data sho\'ling slight 
stunting of some of the tobacco plants. 
In india, Kelkar and his associates (1975) repeated 
Banatvala and Payne's experiment using two types of tobacco 
plant~ - Nicotiana tabaccum variety xanthi and !· tabaccum 
22 
variety white .bush. They found that the variety white bush 
was very resistant to the HBAg+ sera with no signs of le-
sions being present after inoculation. The variety xanthi, 
however, showed lesions in some of the inoculated plants. 
Attempts for serial passage were unsuccessful. Extracts of 
the affected plants were positive for HBAg when tested by 
counterimmunoelectrophoresis but negative by agar gel dif-
fusion. 
CHAPTER Ill 
MATERIALS AND METHODS 
The following procedure was used to study morpho-
logically and histologically the effect of Hepatitis B anti-
gen treatment on Nicotiana sylvestris and Nicotiana ~-
-~-C!:!:_~ variety xanthi. 
SEED GERMINATION 
-
Seeds of Nicotiana sylvestris and Nicotiana tabac-
~ variety xanthi were spread evenly on~o separate trays 
(Size: 81 x 12 x 3 inches). Each tray contained a one-
half inch bottom layer of vermiculite and approximately two 
inches of a one-to-one mixture of potting soil and peat 
moss. The seeded trays were kept in a regulated growth 
chamber at 22°C and 70% relative humidity {RH). The seeds 
were allowed to germinate for a period of one to two months. 
TRANSPLANTING 
The seed] ings {Size: 1.0 to 1.5 em) were transfer-
red to individual pots (Size: 3 x 3 x 4 inches). The plants 
were a.llm-1ed to grow in the growth chamber at 22°C and 
70% RH, until they attained the proper size for experimenta-
tion. 
The preliminary study using Nicotiana .s.vJvestris 
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. used three sizes of pl~nts. The sizes were determined by 
the leAgth ~nd width of the first leaf. The sizes chosen 
were 1.5 x 2.0 em. (approximately 3 months old): 3.0 x 
5.0 em. (approximately 5 months old): and 5.0 x 8.0 em. 
(approximately 7 months old). 
ln all subsequent experiments, the first leaf size 
chosen was 1.5 x 2.0 em. 
PREPARATION .Qf. THE PLANTS .E.Q!!. EXPERIMENTATION 
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Twelve plants of each size were used per experiment 
(except for the pilot study using!· tabaccum variety xanthi 
where tWelve plants could not be obtained so four were used). 
The plants were subjected to a 24 hour gro'Nth phase in the 
absence of light, to increase susceptibility to viral in-
fection (Payne and Banatvala, 1973). Plants were dusted 
' 
with 300 mesh carborundum. To get an even distribution of 
carborundum on each and every leaf, plants were placed in a 
wooden box (2 x 3 x lift.) especially made for this· pur-
pose. The carborundum was applied with a sprayer-type air 
pressure gun through a small hole in the box and the carbor-
undum was allowed to settle down on the leaves. Four plants 
of each size group were used for each treatment. Hepatitis 
B Antigen (HBAg), (purified antigen was obt~ined from St. 
Thomas Hospital, University of London; and was diluted 
1:5120) hepatitis B antigen negative sera and water were 
used as treatments. Inoculation was achieved by placing 
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o.lml. of the treatment on each leaf and rubbing the leaf 
lightly witrr a double-gloved finger. Inoculated plants were 
again placed in the growth chamber for post inoculation ob-
servations • 
. IYf£_ .Q£. 0 SSE RV AT I ONS TAKEN .fill .-E-XP;..;E;.;..R;.;.I.;..;ME_N_T_A;.;;;.l PLANTS 
The gross morphology of each plant was observed 
and recorded at zero time and every three days thereafter 
for thirty-six days. The observations made were: height 
of the plant from the soil level to the growing plummule, 
s~ze of the first leaf, size of the internodes, number of 
leaves, checking the leaves with a magnifying glass for 
the presence of lesions, and the general health of the 
plant (such as coloration, leaf wilting. etc.). 
PREPARATION .Q£. .lt1f TISSUE FOR HISTOLOGICAL STUDY 
Samples of the leaf tissue (1.0 x l.O em.) were 
collected at zero time and every seventy-two hours there-
after for thirty-six <lays (in the p.ilot study, samples were 
taken from each size plant dally for twenty-eight days) 
for histological studies. 
Leaf samples were washed with distilled water to 
remove excess dirt and carborundum and then were placed 
into a small vial (20ml. capacity) containing fixative. 
The fixative used was a mixture of formalin (5m1. commercial} 1 
ac;:etic acid (5m1. glacial), and 50% ethyl alcohol (90ml.). 
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The tissue was kept in the fixative a minimum of four hours. 
The ·tissue was removed from the fixative and was 
briefly washed in several changes of 50% alcohol. 
DEHYDRATION OF THE TISSUE 
-- ------..... 
The tertiary butyl alcohol (TBA) series ,was used 
to dehydrate the tissue. The tissues were placed into 
each member of the following series for two to four hours: 
l. 50m1. H20• 40 ml. 95% A 1 coho 1 , 10 ml. TBA 
2. 30m1. HzO, 50 ml. 95% Alcohol, 20 ml. TBA 
3. 15ml. H20, 50 ml. 95% Alcohol, 35 ml. TBA 
4. Om1. H20, 45 ml .----95% A 1 coho 1, 55 ml. TBA 
The tissues were then placed in three changes of 100% TBA 
for eight hours each. (Note: the TBA-had to be kept in 
a warm place as its freezing point is near- room temperature). 
At this point, the tissue was considered to be completely 
dehydrated. 
INFILtRATION AND EMBEDDING 
The tissue was removed from the TBA and was placed 
into a small beaker (40m1. capacity) containing melted 
paraffin. The beaker was then placed in the vacuum oven 
(Tissue-Tek Paraffin Infiltrator, Scientific Products). The 
oven was set at 6ooc and the vacuum pump was run unt i 1 ;_the 
pressure reached 15 pounds. After one hour, the original 
paraffin was replaced by fresh paraffin, and the pressure 
was held at 15 pounds at 60°C for another hour. It was 
believed tha"t all air spaces had been filled with paraffin 
at this time. 
A clean dry metal base mold was sprqyed with niold 
release (Tissue-Tek Releasing Spray, Scientific Products) 
and the mold was air dried. Mold release facilitates re-
moving the hard paraffin block from the mold. A white 
' ' 
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plastic embedding ring (LabTek Products) was placed on top 
of the base mold. It was then one-half filled with melted 
paraffin. The tissue was transferred into the paraffi~ 
with a clean forceps and melted paraffin was added to com-
pletely fill the mold. The tissue was oriented with-a-warm 
inoculating needle. The mold was then placed on the cooling 
tray of the Tissue-Tek II_Paraffin Embedder (Scientlfic Pro-
ducts) until the paraffin hardened. The block was then re-
moved from the mold. 
The paraffin block was trimmed with a single-edged 
razor blade, removing as much excess paraffin as possible. 
In trimming, it was necessary to retain a rectangular shape 
in order to form even ribbons. 
SECTIONING ItiS TISSUE 
The trimmed block was then secured in the standard 
rotary microt6me (American Optical). A newly sharpened 
knife was secured on the microtome and the safety latch 
was put in operation while adjusting the block. The block 
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was aligned so that the edge of the block being cut first 
is parallel ~o the knife and so that the tissue was being 
cut ~o give ninety-degree cross-sections of the leaf. The 
microtome was set to cut at a thickness of Sum. for the 
orcein stain and lOum for the general cytological investiga-
tion. The safety latch was removed and sections were cut 
until ribbons formed. As the ribbon formedt it was held 
away from the knife with a needle. The ribbons were placed 
on tleant frosted on one end microstope slides which were 
coated with .. a thin layer of Mayer's fixative (50% egg albu-
min, 50~~ glycerine and a preservative). It was sometimes 
useful to add a few drops of 4% formalin to float the rib-
bons to the exact part of the slide desired. The slides 
were then placed on a slide warming tray {Labline, Inc.) 
which allowed the tissue sections to spread out. The slid~s 
were allowed to cool and were air dried overnight. 
STAINING Itlf TISSUE 
The safranin-fast green staining procedure (Jensen, 
1962) was used to determine if cytological changes occurred 
due to the hepatitis viral infection. (See Appendix A for 
exact procedure.) In this method, the nucleoli, chromosomes, 
cuticle and lignified cell walls stain red and the remaining 
structures stain green. 
A modified orcein staining procedure (Shikata et al. 
1974) was used on all remaining slides to ascertain whether 
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or not the hepatitis 8 antigen was present within the cells. 
·csee Appendix B for exact procedure). The slides were ex-
amined for aggregates of purplish-brown colored Austral La 
antigen. Controls were a'1so processed for comparison pur-
poses. 
HISTOLOGICAL ar:!Q. HISTOCHEMICAL OBSERVATIONS ';l 
Slides were examined with the Zeiss Binoc~1~r Micro-
scope (Model No. -430 3464) using different magnifications. 
Antigen treated tissues and controls were compared to see 
if there were any cytological differences. Tissues were 
also checked for the presence of Australia antigen. 
SERIAL TRANSMISSIONS 
Two leaves from each type- of plant showing atypical 
necrosis were ground separately using a cold mortar and 
pestle, using a small amount of carborundum (to break the 
cells). Grinding was continued until a sap was obtained. 
Healthy plants of both types were subjected to a ten hour 
dark period, dusted with carborundum and inoculated separ-
ately with HBAg positive sap of the same species of plant. 
The plants were checked daily to determine if necrosis was 
transmitted to the healthy plants. 
PHOTOGRAPHY 
Pictures of the plants were taken with a Nikkormat 
30 
.Camera (Nikon) using 35mm Kodachrome 64 (Kodak) color slide 
f i 1m. 
Photomicrographs of the stained slides were taken 
with the Zeiss microscope attached to an Olympus-Tokyo 
(Brinkman Instruments) camera attachment. The film used 
was High Speed Ektachrome for color slides (Kodak). 
Exposed films were processed through Kodak proces-
sing laboratories. 
CHAPTER' IV 
c 
RESULTS 
No true localized lesions occurred on either the 
Nicotiana sylvestris nor the Nicotiana tabaccum variety 
xanthi. Table I summarizes the morphological results of 
the first set of experiments using Jifferent age groups of 
Nicotiana sylvestris. The seven month o 1 d p 1 ants seemed - . 
to be resistant to the HBAg. They showed no signs of in-
fection morphologically or histologically. Shikata's orcein 
stain for hepatitis antigen was inconclusive for this age 
group. The five month old plants also seemed resistant to 
the HBAg. The plant showing necrosis appeared to have been 
damaged in the inoculation procedure. No changes were·noted 
histologically in this age group. The three month old plants 
seemed to be most susceptible to infection. The plants 
which died~ did so by the sixth day after inoculation. The 
plant which did not die showed brown, dried-out areas on 
more than half of the leaf on every inoculated leaf, but 
was asymptomatic on new leaves. Slight stunting was shown 
ir. the three and seven month plants thirty-five days post 
inoculation. At the e~d of the observation period, the 
plants were transferred to the greenhouse where observations 
continued for approximately two months. 
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TABLE 1: EFFECT OF PURIFIED HBAg ON THE RATE OF GRO\HH, SIZE OF LEAVES AND DEVELOP~1ENT 
OF NECROSIS IN THREE DIFFERENT AGE GROUPS OF Nicotiana S,Ylvestris 
~ 
STANDARD AVERAGE AVERAGE 
AVERAGE STANDARD DEVIATION NUMBER OF SIZE OF NUMBER 
NUMBER HEIGHT DEVIATION AVERAGE FOR PLANTS LEAVES 35 LARGEST OF . 
OF (em) FOR PLANT HEIGHT (em) HEIGHT, 35 DAYS POST LEAF, 35 PLANTS ~GE PLANTS AT ZERO HEIGHT AT 35 DAYS POST DAYS POST INOCULA- DAYS POST SHOWING 
GROUP TREATMENT TESTED TH1E ZERO TIME INOCULATION INOCULATION TION INOCULATION NECROSIS 
Water 4 1.5 0.06 2.8 0.34 5 3x5 em 0 (Control) 
3 HBAg- 0 and 
Mos. sera 4 1.6 0.13 2.9 0.63 5 3x4 em 1 died 
HBAg+ 4 1.4 0.22 1.7 0.00 4 I 2x4 em 1 atyp1cal (Pure) 3 died 
Water 4 3.0 0.26 5.2 0.29 9 4x9 em 0 (Control) 
5 HBAg- 4 3.2 0.16 5.3 0.47 10 4x10 em 0 Mos. sera 
~BAg~) Pure 4 3.3 0.20 5.2 0.31 9 3x8 em 1 atypical 
... 
' 
Water 4 5.0 0.17 7.3 0.84 15 8x15 em 0 (Control) 
7 HBAg- 4·. 4.8 0.40. 6.8 0.46 13 7x15 em 0 f4os. sera ~ 
HBAg+ .. 4 5.1 0.37 6.2 0.63· 17 8x14 em 0 (Pure) ~· 
.. 
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The preliminary study on Nicotiana tabaccum: variety 
xanthi was r·un for forty-eight days. The antigen posi.tive 
plants showed necrotic symptoms within six days after inocu-
lation .. Results are summarized in Table 2. This species 
showed severe stunting in the HBAg treated plants. 
Table 3 is a summary of the two experiments per-
formed on Nicotiana sylvestris using plants !which were ap-
proximately three months old. In both experiments, necrosis 
was seen in all the plants by day three. Figure 1 shows 
control plants on the third day after inoculation. The 
antigen treated plants are shown in Figure 2. The leaves 
shriveled and were discolored.· They were examined under a 
dissecting microscope to show the details of the tissue 
damage. The plants varied in the amount of necrosis caused 
by the antigen. By day six (Figure 3), some of the antigen 
treated plants had begun to recover. N6 necrosis was ob-
served on new leaves. Figure 4 shows contrql plants six days 
after treatment. Figure 5 shows no necrotic symptoms on the 
plants of the·second experiment treated with HBAg negative 
sera while the HBAg positive treated plants (Figure 6) show 
symptoms on each plant, but all the leaves on each plant 
were not damaged. 
Figure 7 shows an antigen treated portion of the leaf 
(magnified 25X) of the plant shown in Figure 8. The leaf 
which died as a result of.HBAg positive treatment (close-
up, magnified 25X) was examined and is shown in Figure 9. 
TABLE 2: PRELIMINARY STUDY OF THE EFFECT OF PURIFIED HBAg ON THE RATE OF GROWTH AND 
DEVELOPMENT OF NECROSIS IN Nicotiana ~abaccum variety xanthi 
STANDARD AVERAGE AVERAGE 
AVERAGE STANDARD ·AVERAGE DEVIATION NUMBER OF SIZE OF . 
NUMBER HEIGHT DEVIATION HEIGHT FOR PLANT LEAVES 48 LARGEST 
OF (em) FOR PLANT (em) 48 HEIGHT, 48 DAYS POST LEAF, 48 PLANT 1S GENERAL 
PLANTS AT ZERO HEIGHT AT DAYS POST DAYS POST INOCULA- DAYS POST HEALTH, 48 DAYS 
!TREATMENT TESTED TH1E ZERO TIME INOCULATION INOCULATION TION INOCULATION POST INOCULATION 
!Water 2 1.4 0.43 23.3 em 0.68 12 9x19 em Good condition; (Control) thick, firm stem; 
green; no wilting 
HBAg+ Not One plant was 2 1.5 0.57 3.8 em 6 3x5 em severely stunted (Pure) Applicable with a yellowish 
I 
leaf discolora-
. .tion; one died 
six days post 
inoculation 
-"" 
TABLE 3: EFFECT OF PURIFIED HBAg ON THE RATE OF GROWTH, SIZE OF LEAVES AND 
DEVELOPt~ENT OF NECROSIS IN Nicotiana s~l vestris 
Exp. Treatment Number Average Standard Average Standard Average Ave rag~ Number of 
No. Plants Height Deviation Height Deviation Number Size targ- Plants . 
Tested (em) For Plant (em) 35 for Plant Leaves est Leaf Showing 
at Zero Height at Days Height at 35 Days 35 Days Necrosis 
Time Zero Time After In- the End of After In- After In,. (Atypical) 
Inocula- oculation Inocula- oeulation oeulation 
tion Per- tion Period 
iod 
1 Water 4 1.2 0.22 2.8 0.37 9 6x13 em 0 (Control) 
HBAg- 4 1.3 0.40 2.7 0.46 10 4xll em 0 sera 
HBAg+ " 
(Pure) 4 1.2 0.18 1.9 0.32 9 4x9 em 4 
·--
' -Water ., 2 (Control) 4 0.98 0.04 2.8 0.21 10 4x9 -em. 0 ,"Y~ ,..;_ ... ..- _; 
" 
.· 
HBAg- 4 1.08 0.08 2.7 0.19 10: . -.. · 4x10 em 0 sera ,. ' ~~-::0:: . --- -~ . ~-
.. 
.. ' · ... · -· -
/-..,_· ,<-~ ~- : 
HBAg+ 
(Pure) 4 0.95 0.30 2.2 
:=:t--
,;. :: 0':54 :,,~2~.:-~_:-~~:_-,:~-'~: 3x8 em 4 
Figure 1: Nicotiana sylvestris three 
days after inoculating with 
water showing no necrosis. 
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Figure 2: _tlicotian~ 2_ylves~i s three 
days after inoculating 1-vith 
pure hepatitis B an t igen 
showing necrosis. 
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Figure 3: Nicotiana sylvestris six 
days after inoculating with 
pure hepatitis B antigen show-
ing signs of recovery from 
necrosis. 
38 
Figure 4: N i cot i ~ s y 1 v 2 s t. r i s_ s i x 
days after inoculating with 
water showing no necrosis. 
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Figure 5: Nicotiana svlvestris six 
days after inoculating with 
hepatitis B antigen negative 
sera showing no necrosis. 
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Figure 6: Nicotiana sylvestris six 
days after inoculating with 
pure hepatitis S antigen 
showing necrosis. 
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Figure 7: Nicotiana ~ylvestri~ treated 
with pure hepatitis B anti-
gen showing portion of necrotic 
leaf (magnified 25X). 
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Figure 8: 
I ( 
Nicotiana ~estris six 
days after inoculating with 
pure hepatitis B antigen 
showing necrosis. 
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Figure 9; Portion of the necrotic 
leaf of Nicotiana sylvestris 
six days after inoculation 
with pure hepatitis B antigen 
(magnified 25X). 
Figures 10 and 11 show that by day 36 the antigen treated 
plants were ·quite healthy. Histological investigation 
showed no change in leaves which were asymptomatic and 
leaves which had turned brown did not section well; cell 
structures were not preserved. They did not stain posi-
tively for the presence of antigen aggregates. 
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Necrosis was seen in two experiments With Nicotiana 
tabaccum variety xanthi. The results of these experiments 
are summarized in Table 4. 
Control plants showed no evidence of discoloration 
or wilting {Figure 12), while each an.tigen positive treated 
plant showed sorne evidence of necrosis {Figure 13), by the 
sixth day after inoculation. 
Figure 14 shows the plant which died as a result of 
the HBAg positive tre~tment~ 
Figures 15 and 16 (magnified 25X) show areas of in-
fected leaves. Stunting was noticed at day 36: but the plants 
had recovered showing no signs of necrosis {Figure 17). Ob-
serving the plants three weeks later, the antigen positive 
plants vJere the same height as control plants. Histological 
studies were again inconclusive. 
Attempts to transfer the necrosis causing agent from 
the HBAg treated plants to the healthy plants of!· sylves-
·!.!:.!...:!. and!:!.· tabaccum variety xanthi were made. Experimental 
data showed that the agent appeared to be transmittable from 
plant to plant. 
Figure 10: Ni.cotiana sylvestris thirty-
six days after inoculating with 
pure hepatitis 8 antigen show-
ing no necrosis. 
46 
Figure 11: N i cot ian a 2~Y .. L~s t r i ~ thirty-
six days after Inoculating 
with pure hepatitis 8 antigen 
showing no necrosis. 
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Exp. 
No. 
1 
2 
TABLE 4: EFFECT OF PURIFIED HBAg ON THE RATE OF GROWTH, SIZE OF LEAVES AND DEVELOPMENT 
OF NECROSIS IN Nicotiana tabaccum variety xanthi 
1. r 
Treatrrent Number Average Standard . Average Standard l Average Average Number of 
Plants Height Deviation Height Deviation Number Size Plants 
Tested (em) For Plant (em) 35 For Plant Leaves Largest Showing 
at Zero Height at Days , Height at ,35 Days Leaf 35 Necrosis 
Time Zero Tirre After In- ' the End of After In- Days After (Atypical) 
Inocula-< ocul~t,ion Inoculation oculation Inoculation 
tion Per-. 
"" ~·N 
P-etiod 
... iod ' 
··~e_ . 
' Water 4 1.6 0.31 0.1 0.78 10 5x6 em 0 (Control} 
HBAg- 4 1.3 0.21 6.9 1.3 9 4x5 em. 0 sera 
HBAg+ 4 1.4 0.20 4.8 1.2 7 3x5 em 2~ and 
,2. died 
Water 4 1.4 I. 0.12 8.8 2.8 8 5xTcin 0 (Control) 
-
-
HBAg- 4 1.5 0.34 8.4 1.1 .. - ll;:> . 5x6 em 0 sera 
-
HBAg+ 4 1.3 0.22 3.6 1.4 5 3x4 em 4 
Figure 12: Nicotiana tabaccum variety 
xanthi six days after inocula-
ting with water showing no 
necrosis. 
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Figure 13: Nicotiana tabaccum variety 
xanthi six days after inocula-
ting with pure hepatitis B 
antigen showing necrosis. 
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Figure 14: Nicotiana tabaccum variety 
xanthi showing necrosis as 
a result of pure hepa t itis B 
antige n treatment. 
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Figure 15: 
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Portion of pure hepatitis 8 
antigen treated leaf of 
Nicotiana tabaccum variety 
xanthi six days after inocula-
tion showing necrosis (magnified 
25X). 
Figure 16: Portion of hecrotic - Nicotiana 
tabaccurn variety >~anthi leaf 
treated with pure hepatitis B 
antigen (magnified 25X). 
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Figure 17: Nicotiana tabaccum variety 
xanthi thirty-si.x days after 
inoculating with pure hepatitis 
B antigen showing no necrosis. 
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CHAPTER V 
DISCUSSION 
If a virus is placed upon. an intact leaf, infection 
-
cannot occur (Matthews, 1970). A wound or surface·damage 
is necessary for viral1 entry and infection. Mechanical 
j '. ,•• • .-- • • • -
inoculation of the leaf surface which has been dusted with 
an abrasive.l'tke carborundum, damages the ~pidermal hairs 
and provides~ site for viral entry. It seems that any of 
the epidermal 'cells are capable of being infected by this 
type of inoculation. (Matthews, 1970). 
Branfs (1965) postulates that viral p:3-rticles may-
enter the-lea~- through the plas~odes~ata (gu~rd cells) when 
only the cuticle is damaged. Having used an ab·tasive to 
wound the leaf surface, it ma~ be assum~d that the h~patitis 
B antigen was provided a way of entry into the leaf. 
If one wishes to establish the viral nature of a 
·•. 
plant disease transmission experiments are usually per-
formed. ·The two types of tobacco plants were first tested 
for susceptibi1 ity to the hepatitis B antigen. Three dif-
ferent sizes of Nicotiana sylvestris were inoculated to 
determine if a particular size (age) group would be more 
susceptible t!)an another •. It 11"/aS found -that five and-seven. 
month plants appeared to be quite resistant to viral in-
fection. It must be kept in mind that this lack of effect 
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. is not necessarily due to the specificity of the virus, but 
it could be due to other factors such as the presence of 
certain inhibitors which change with the age of the plants 
(Matthews, T970). 
The preliminary study performed on Nicotiana tab-
accum variety x~nthi was to determine ifthe .sJze of plant 
. suggested by· Ke 1 kar e t a 1. ( 1975) would be. suscept i b 1 e to 
viral inf~etion under our. laboratory conditioh~. 
The·re -are several different ways. th.at dis eases may. 
be expressed. in plants,.such as macroscopi_c, ~~yqtptoms in-
cludiAQ loc.al ized and systematic effects,. a11d localized 
. . 
lesions. or death of cells near the site qf v~h:al entry. 
~- ,_ . 
. s ys tenli c vi ra 1 ln vast on . mos-t . of te.n causes stunt .i ng~o f .. 
~rowth (Matthews, 1970) •. The degree of $tunting may be 
·_cor~elated with the severity of the infection. Stunting 
may equally affect a 11 parts of the plants or on 1 y some . 
areas. Mosaic effects (patterns of two or more colors} are 
a 1 so common. Necrosis is the death· of. a ·group of ce 11 s, 
organs or the whole.plant. In addition to the above.ab-
norma1 ities it is possible to have other types of abnormal 
growth as well. 
Both species of plants appeared to be susceptible 
to localized invasion by the hepatitis B antigen. A typical 
localized lesion did not appear in our experimental plants, 
but yellow to brown patches were noticed on leaves which 
were inoculated with HBAg. These areas of the leaf were 
composed of _groups of dead and dying cells so it was des-
cribed as a form of necrosis. If injury was caused by 
Enoculation, one would have expected both water and sera 
controls to show these necrotic patches. This was not 
observed in our experiments. No necrotic patches were no-
ticed on new leaves emerging after i nocul at ion. This im-
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pJ ied that the viral invas·ion did not show typical systemic· 
symptoms like that of tobacco mosaic virus.-Nieotf~na m-
vestri~ pla-nts showing necrotic symptoms were-slightly 
smaller than control plants, perhaps due to a- reduction in 
' ' 
the phOtosynthetic mechans i m. Recovery of th~se p 1 ants from 
viral fnfectipn was observed by thirty-six_ days after in9-
culat.h·m. The Nicotiana tabaccutri-variety xant-hi·-was rnore 
severely stunted by the viral invasion, but_ the plants 
seemed to recover sooner ·than the Nicotiana sylvestris. By 
twenty-five days after inoculation, they were quite healthy. 
It was also noted that within three weeks after the comple .. · 
tion of the experiment, the infected ~lants had caught ~p 
in size to the control plants. Thus, it is possible that 
the HBAg somehow, due to unknown reasons, might have lost 
its activity. 
The inability to confirm the presence of antigen 
his·to.logically may be due to several factors. Shikata's 
orcein stain for the presence of Australia antigen may have 
needed longer time for adequate staining. Also, although 
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. plant and animal cells are very similar (Krogmann, 1973), 
they are not identical and some staining techniques may 
need to be altered. It is also possible that the antigen 
replicating in the plant may have altered its original 
form. Whenever HBAg replication has been reported, strain 
analysis has shown wide variation. In order to determine 
the changes p·resent in the original HBAg particles, a large 
amount must be present to be detected in· the' tissue' with. 
the help of the light microscope. Perhaps a more sensiti~e · 
staining procedure likE! Huang's immur1ofluorescent method 
(1975b) could be employed to confirm the presence of anti-
.. . . . 
___ gen~ The lack of general cytolo~ic~l c~anges ma~ be due to 
. the wrong choice of st.a ins •. In man, c yto.l.og i ca 1 . and patho-
·--
logical changes due to HBAg infection can be evidenced in 
1 i ver tissue but not in certain other types of tissue, so 
perhaps the leaf tissue was not the place tG look for such 
changes~ -Another factor to consider isEthat necrotic symp-
toms were present three days after inoculation and samples 
were taken every 72 hours. Perhaps the tissues were a] ready 
dead and the changes in the tissue could not be detected. 
Such changes could only be-detected before cell death. A 
future study might include collecting tissue samples every 
. hour after inoculat.ion.while the .cells are still in viable 
condition so that the changes leading to cellular death 
might be observed. 
The infection of the plant tissue with the HBAg 
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·seems to induce the necrotic symptoms even though it could 
not be shown his to 1 og i ca ll.y. The necrosis causing agent 
was transmissable from one set of plants· to another. There 
· af'e other factors which can cause virus-like symptoms. 
These include biological, chemical and physical agents. 
Yellowing of leaves and stunting may be caused· by mycoplasma 
like-organisms, however, these cannot be mechanically trans-
mitted· {Matthews, 1970). S ys temat i c vi rus-1 ike symp.toms. 
may be induced by arthropod toxins (8os and Grancini, 1968). 
Other factors- affecting the health of the plants and the 
presence of virus-like symptoms are genetic abnormalities, 
nutritional deficrencres,. incorrect temperatures for growth, 
hormona 1 da:nages, sudden en vi ronmenta 1 changes and drug 
effects (Matthews, 1970). 
Careful handling of the plants was used to avoid the 
effect of outside factors on the exper imenta 1 p 1 ants. The 
p 1 ants. of each experiment w~re subject~9 to the same en-
vironmental conditions and it seems t_,hat when the right 
size plants are used, they are susceptible to infection 
\·lith HBAg. 
SUMMARY 
When three different age groups ~f Nicotiana ~­
vestris were inoculated with purified HBAg, it was found 
that the three month old plants were most susceptible to 
infection as evidenced by necrosis~ Five and seven-month 
plants showed no·sign of infection. Nicotiana tabaccum 
. . - -
variety xanthi were susceptible to HBAg infection under the 
environmental condition~ used in the labor~tory.-
Four experiments were performed {two on each spe-
cies of pl~_nt) and necrosis was observed on aH the plants 
treated \'lith purified HBAg, wit"hin 'the first ·six days after 
inoculation. No n.ecrosis was observed on \'later control 
plants nor was necrosis observed on plants treat-ed with 
HBAg negative sera. Slight stunting-of -growth w_as observed 
in Nicotiana ~y1vestris. Recovery from infection was ob-
served 36 days after inoculation. Stunting \\faS-- more severe 
in HBAg treated plants of Nicotiana tabaccum variety xanthi, 
and recovery from infection occurred sooner (by day 25).-
Three weeks after the completion of the experiment, the 
HBAg treated plants had achieved approximately the same 
height as control plants. Presence of viral infection 
could not be confirmed histologically. 
The necrosis causing agent appeared to be trans-
mittable (via extracts of plant sap) from plants showing 
necrosis to healthy plants of the same species. 
60 
61 
LITERATURE CITED 
Almeida, J. ·D. and A. P. Waterson. HBAg- an Incomplete 
History. Am. J. Med. Sci. 270(1):105-114. 1975. 
Almeida, J. o., A. J. Zuckerman, P. E. Taylor and A. P. 
Waterson. Immune Electron Microscopy of the 
Austtalia SH (serum hepatitis) Antigen. Micro-
bios. !:117-127. 1969. 
Ashcavai, M. and R. L. Peters. Rheophoresis (Chapter 6). 
Manual for Heeatitis B antiTen Testin9. Saunders 
Pub. Co-:-P"hilade1phla7 99- 11. 1973. 
Banatvala, J. E. and c. Payne. Effect of HBAg+·sera on .. 
Nicotiana sylvestris. Lancet (i) 826: 1359-1362. 
Barker, 
Bayer, 
1973. . - . 
L. F., F. V. Chisori, P. P. McGrath, D. W. Dalgard, 
R. L. Kirschellstein, J •. D. Almeida, T. S. Edgington, 
D. G. Sharp, and M. R. Peterson~ Viral Hepatitis 
Type Bin experimental animals. Am. J. Med. Sci. 
270(1.):1.89-196 •.. 1~75 •. 
M.· E., B. s.· Blumberg and B. Werner. Particles 
associated w.ith.:Austral ia anti.gen .in the sera of 
patients with leukemia, Down's syndrome and hepa-
titis.· Nature 218-:1057-1059. 196.8. . 
~easley, R~ P. and H. Su. Lack of Effect of HBAg+ Sera on 
Tobacco plants. Lancet (ii) 839:1203-1204. 1973 • 
. 
Blumberg, B. S~, A. I. Sutnick, W. T. London, L. Mi11eman. 
· Discovery of Australia antigen;.J~s relation to 
viral hepatitis. Persp. in Viral. 1:223-240. 1971. 
Bodansky, 0~, R. s. Benua, G. Pennacchia. 
Hepatitis. Am. J. Dis. Child. 98: 
Infectious 
166- 170. 195 9. 
Bo.s, L. and P. Grancini. Peculiar histoid enations in 
white clover and their relationships to viral 
diseases and toxic effects of leaf hopper feeding. 
Phytopathol. Z. 61: 253-272. 1968. 
-
Brants, D. H. Relation between ectodesmata and infection 
of leaves by TMV. Virology ~:554-557. 1965 •.. 
Cameron, C. H. and D. s. Dane. Viruses. Br. Med. Bulletin. 
1Q. ( I ) : 90- 92 • 1 97 4. 
Cayzer, 1., D. s. Dane, c. H. Cameron and J. V. Denning. 
A Rapid Hemagglutination Test for Hepatitis B 
Antigen. Lancet (i) 842:947-949. 1974. 
Clot, J., 0. Mathieu, s. E1harrar. Inhibitory effect of 
Australia positive sera on in-vitro stimulated 
T-lymphocytes. Lancet (ii) 828:576-577. 1973. 
Colbert, Jr., J. W. Hepatitis in Lab Animals. Yale J. 
Biol. Med. 21:.335-343. 1948. 
---- . . 
62 
Dane, D. s., c. H. Cameron and Moya Briggs. Virus-like 
particles in serum of patients with Australia 
Antigen-Associated Hepatitis. Lancet 838: 695-698. 
1970. .. -
Dei-nhardt, F. D .. , D. Peterson, G. Cross, L. W-olfe and 
- A. W. Homes. Hepatitis in Marmosets.· Am. J. Med. 
Sci. 270 (l): 73.:.ao •. 1975. 
D~a1iwa1, A. s., H. M. *ubinstein and A. 
Action of Hepatltis B Antigen on 
s~lvestris and Vigna sinensis. 
8. 3.:1 248". . . I 975. _. . - · -
A. Dietz. 
Nicotiana. 
Lancet til 
Di:Ritis, F., M. Col tori ·and G. Giusti~ An enzyme test 
for the diagnosis of vi ra I hepatitis: the trans .. 
aminase serum activLties. Gl in. Chim. Acta 
~:70. 1957. 
Dreesman, G. R., F. ~.-Hollinger, J. L. Melnick and R. 
. · M. McCombs. Biochemical and Biophysical Proper• 
ties of purified preparations of.l-IBsAg •. Am. J. 
Med. Sci. 270 (1):· 123-130. 1975. 
-
Edgi~gton, T. s. and D. J. Ritt. Intrahepatic expression 
· of serum hepatitis virus associated antigens. J. 
Exptl. Med. 134 (4): 871-885. 1971. 
Evans, A. J. Viral Hepatitis. Br. Med. Bulletin 28 (2): 
183-187. 1972. 
Favero, M. s., w. W. Bond, N. J. Petersen, K. 
and J. E. Maynard. Detection Methods 
of the Stability of HBAg on surfaces. 
129 {2): 2•10-214.· 1974. ... -
--
R. Berquist, 
for Study 
J. lnf. Dis. 
Gerin, J. L., J. W. K. Shih, P. M. Kaplan. Biochemical 
and Biophysical Characterization of Hepatitis B 
Antigen. Am. J. Med. Sci. 270 (1): 115-122. 1975. 
63 
Giles, J. P. and s. Krugman. Viral Hepatitis. Am. J. Dis. 
Child. 123(4): 281-282. 1972. 
Gocke, D. J. · A Prospective Study of Post-Transfusion 
Hepatitis. J. A. M.A. 219(9):1165-1170. 1972. 
--
Gocke, D. J., K. Hsu, c. Morgan, s. Bombardiere, M. 
Lockshin and C. L. Christian. Association between 
Polyarteritis and Australian Antigen~ Lancet (ii) 
836: -1149-1153. 1970. 
Gocke, D. J., K. Hsu, c. Morgan, s. Bombardiere, M. Lock-
shin and c. L. Christian. Vascularitis in Associ-_ 
ation with Australia Antigen. J. Exptl. t·1ed. 134 
(3): 330-339~ -· 1971. . -
Hirschman, s. z. DNA polymerase and Hepatitis B Antigen. 
· J. of lnf. Dis. 130(2): 206-208 •.. 1974. 
. -
Hirschman, S~ Z·-., M. Gerber, E.,·farfinkel• Purification 
·. of -Na-ked Intranuclear P;irtic1es from Human Liver 
infected with HBV. P.N~A.S. 71{9): 3345-3349. 1974. 
-·· .. -· ~- - . ' - .. . -
·Hirschman, s •. z., -M.Gerber, E. Garfinkel. -Observations on 
. - the- Core Parti ~le of HBV and the_ DNA polymerase 
asso-ci a ted with H'BAg. - Am. J. Med~ Sci:· ·270 {1 ):-
-141 - 150 ~ 197 5 • . . -
Howard, C. R. and D. A. McCarthy. HBAg and Tobacco Plants. 
Lancet ( i i) 842:219. 1974. 
Huang, s. N. Structural and Immunoreactive Characteristics 
of HBcAg. Am. J. Med. Sci. 270(1): 131-140. l975a • 
.-...... 
Huang, s. N. Immunohistochemical dempnstration of HBcAg 
and HBsAg in Paraffin Sections. Lab investigation. 
11(1):492-504. 1975b. - . -
Hyland Laboratories. Austigen ™counterelectrophoresis 
Supply Package #0035-02-800C. Div. Travenol lab-
oratories. Calif. 1973. 
Jambazian, A. and J. c. Helper. Rheophoresis: A sensitive 
· immunodiffusion method for detection of hepatitis 
Associated Antigen (36503) P.S.E.B.M. 140:560-564. 1971. . .. -- -
Jensen, W. A. Botanical Histochemistry. 
Francisco. 1-250'. 1962. 
Freeman, San 
64 
Jenson, A. s. Organ Cul'tures of Herpes Simplex and 
Australia Antigen. Exptl. and Molec. Path. 13(2): 
217-2 30. 1970. -
K.abat and Mayers. Complement and Complement Fixation. 
(Chapter 4). Experimental Immunochemistry 2nd. ed. 
Thomas Pub. Co. Spri ngfield~ll, 133-235 1967. 
Kelkar, s.s., s. A. Sengupta, L. V. Gangawane and K. B. 
Dishpande~ Lesions by HBAg containing sera in 
Tobacco Plants. Indian J. Med. Res. 63:8. 1199-
1203. 1975. -
Krogmann, D. W. The Biochemistr¥ of Green Plants. Prentice 
Ha 11 I nc. ~ng I ewood C 1 i f5, New Jersey. 1- l1 • 1 97 3. 
Krugman, s. and J. P. Giles. Viral hep~titis. J.A.M.A. 
,lll: 1019-1029. 1970. 
Krugman, s., J.P. GiJ~~ and J. Hammond. _Infect-ious 
, hepatitis. J,I~M.A. 200:365. 1967. 
,~·· --. 
Krugman, S.r J. P. Giles, J. Harrmond .. Effect of heat on 
antigenicity apd. infectivity of MS a_nd MS-2 
· - strains. J. lnf. Dis. 122:432-436. 1970. 
. . -. ____.. .. -_ 
Krugman, s., J. P. Giles and J. Hammond. Viral hepatitis 
Type B (MS-2 Strain). Studies on active immuniza-
tion. J.A.M.A. 217:41-45. 1971. 
-
·Krugman~ s., R. Ward, J.P. Giles and A.M. Jacobs. In-
fectious Hepatitis. J.A.M.A. 174:825. 1960. 
Krugman, s. and R. Ward. Infectious Hep~titis. Yale J. Biol .. 
and Med. 34:329. 1961. ~ 
- . 
Krugman, s., R. Ward and J. P. Giles. The Natural history of 
Infectious Hepatitis. Am. J. Med. 32:717. 1962. 
Ler.nette, E .. ed. ,Man~al of Clinical_ MicrobioloTg 2nd ed. 
· Am. Soc. of Macro~n, D. c. 8 • 1974. 
Locke, B. and T. Mallory. The fulminant form of epidemic 
hepatitis. Am. J. Path. 1!:867. 1946. 
t1acCa 11 um, F. 0. and A. R. Miles. Attempts to Propagate 
Virus-Like Particles. lancet (i) 800:3-4. 1946. 
Mallory, T. B. The pathology of epidemic hepatitis. 
J.A.M.A. 134:655. 1947. 
-
·.Matthews, R. E. F. Plant Virology. Academic Press. N.Y. 
1-641. 1970. 
65 
Maynard, J. E., D. Lorenz, D. W. Bradley, s. M. Feinstone, · 
D. H. Krushak, L. F. Barker and R. H. Purcell. 
Review of infectivity studies in non-human primates, 
with virus-1 ike particles with MS-1 hepatitis. 
Am. J. Med. Sci. 270 (1):81-104. 1975. 
-
Moodie, J., L. M. Stannard, and·A. Kipps. Dane Complexes 
in HBAg. J. Genl. Virol. ~(17): 1-8. 1974. 
MMWR. Hepatitis Terminology. ~ (52):420,429. 1977. 
Mosley, J. W. The Search for Human Hepatitis Viruses. 
Arch. Gesamte Virus Forsh. 22(1):252-262. 1967. 
. . ........_ . 
Okocfii, K., M. Mayumi, Y. Haquino and N. Saito. Evaluation 
of Australia antigen in blood donors of Tokyo by 
means of immune adherence hemagglutination tech-
nique. Vox Sang. _L2:332-337. 1970. · 
Payne, c. and J. E. Banatvala. Role of environmental 
factors i n HBAg. i nduced 1 ea f necrosis of· tobacco 
plants. ·Lancet ( i i·). 841:1327 •. 1973-. - .. . · . 
Portoca-lo, R~ Positive reaction·between Austral-ia antigen 
and a·nti-human-liver antibody. Archiv •. fUr die 
gesamte Virusforshung. 47:363-~,65. 1974.--
Purcell, R. H. Recent Advances in Hepatitis A research (Chapter 2). Transmissible Disease and Blood 
· Transfusion. Greenwaldt and Jami!eson--ed. Grune · 
and Stratton Inc. 11-26. 1975a. 
Purcell, R. H., Current Understanding of HBV infection and 
implications for lmmunoprophylaxes (Chapter 3). 
Perstectives in Virolog~ IX. Academic Press. N.Y. 
'49-7 . 1975b:- . 
Purcell, R. H., J. L.· Gerin and J. B. Almeida. RIA for 
the detection of the core of the Dane particle and 
antibody to it. lntervirology 2: 231-2!~3. 1974. 
Purcell, R. H. and J. Gerin. Immunizing Against Hepatitis 
B. Lab Animal. 33-34. May/June 1975. 
Purcell, R. H., D. c. Wong, H. J. Alter and P. v. Holland. 
Solid Phase RIA for Hepatitis B Antigen. Applied 
Microbiology ~(4): 478-484. 1973. 
66 
Robinson, Wm. s. DNA and DNA polymerase in the core of the 
Dan~ particle of hepatitis B. Am. J. Med. Sci. 
270 (1}: 151-173. 1975. 
-
Rossi, E. A. Clinical Aspects of Acute forms of Viral 
Hepatitis. Am. J. Dis. Child. 123(4}: 277-281. 
1972. 
Rubenstein, D., M. R. Baker, E. J. Stoh and A. s. Tavi11. 
The Maintenance of Live&· Cells in Vitro for 
Virological and other studies. Br. J. Exptl. Path. 
i?_: 20-25. 1974. 
Schab1e, C. A., B. L. Murphy, K. R. Berquist, c. R. Gravelle 
and J. c. Maynard. Inability to Detect Hepatitis B 
Virus or specific Antigens in Transformed Chimpan-
zee Lymphocytes. Infection and Immunity 10(6): 
1443-1444. 1974. -
Schuurs, A. H. arid G. Wolters. HBsAg and Human Serum · 
·. Proteins. Am. J. Med. Sci. 270(1):173-189. 1975. 
Seide, w. Krankheiten durch ~ostulierte Viren: Virus 
hepatitis in Gseil. Mohr W. "lnfektions · 
· · Krankheiteii"' Springer-Verlag. Berlin 753. 1967. 
Shikata, T., T. Uzawa, N. Yoshiwara, T. A. Katsuka and 
s. Yamazaki. Staining Methods of Australia 
Antigen in Paraffin Section. Japan J. Exp. Med. 
~{1):25-36. 1974. 
Smetana, H. F. Pathological Anatomy of Early Stages of 
Viral hepatitis. Hepatitis Fron~iers. Little, 
Brown, Inc. Boston. 77-111. 1957.-
Vyas, G. N. and N. R. Shulman. Hemagglutination Assay 
for Antigen and Antibody Associated with Viral 
hepatitis. Science. ~:332.333. 1970. 
Ward, R. and s. Krugman. Etiology epidemiology and Pre-
vention of Viral hepatitis. Progr. Med. Virol. 
~:87-118. 1962. 
Waterson~ A. P. Host-virus r~lationships with special 
reference to New Castl.e Disease and Serum hep-
atitis. J. Clin. Path. (Supp1.) (6):1-7. 1972. 
Wicks, R. C., R. F. Kohler and J. W. Singleton. Thymus 
derived Lymphocytes in Type B Acute Viral hepa-
titis and Healthy Carriers of HBsAg. Am. J. Dig. 
Dis. !Q(6): 518-522. 1975. 
Zuckerman, A. J. Tissue and Organ Culture Studies of 
HBV.Am. J. Med. Sci. 270(1): 197-203. 1973. 
67 
APPENDIX A 
68 
69 
Safranin-Fast Green staining procedure used in staining 
Nicotiana tabaccum variety xanthi and Nicotiana sylvestris 
leaf tissue inoculated with pure HBAg, HBAg negatave sera 
and water. 
1. Deparaffinize tissue by placing slides in each of 
the following solutions for 5 minutes each: 
a. Abolute xylene. 
b. 1 part absolute xylene: I part absolute alcohol. 
2. Partially hydrate tissue by placing slides in follow· 
ing solutions for 5 minutes each: 
a. Absolute alcohol. 
b. 95% a 1 coho 1 • · 
c. 75% alcohol. 
d. 50% alcohol. 
3. Stain slides in Safranin for 4 hours. 
Safranin solution was made by preparing a stock 
solution of 3% safranin in 95% alcohol •. 
4. The slides were washed off with water and were placed 
into each of the following solutions for 15 seconds: 
a. acidified 70% Alcohol (3%HCI to destain). 
b. 95% alcohol (to dehydrate). 
c. absolute alcohol (completion of dehydration). 
5. Sections were counterstained with fast-green for 10 
seconds. 
Fast Green Stain is: 0.5% fast green in a solution 
which is 50% clove oil and 50% alcohol. 
6. The sections were differentiated by two five minute 
changes in a solution which was ~0% clove oil, 25% 
absolute alcohol and 25% xylene.' . 
7. The remaining paraffin was removed by "three 15 minute 
changes of xylene. 
8. A coverslip was mounted using Pro-Mount (Scientific 
Products). 
·. 
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Modified orcein staining procedure *used in staining 
HBAg aggregates in mesophyll cells of Nicotiana tabaccum 
variety xanthi and Nicotiana sylvestris leaf tissues. 
1. The slides were deparaffinized by two ten-minute 
changes of xylene. 
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2. The tissue was hydrated to water by placing the slides 
in each of the following for 5 minutes: 
a. Absolute alcohol. 
b. 95% alcohol. 
c . 70% a 1 coho 1 • 
d. 50% alcohol. 
e. 30% alcohol. 
f. Water. 
3- ·oue to the presence.of a cell wall, the tissue was 
oxidized to facilitate staining. This procedure 
also decolorizes the cytoplasm. 
a. Slides were placed itl 0.~% Potassium Permanganate (Sigma Chemicals) solution (with 12 Normal Sul-
furic Acid) for 5 minutes. 
b. The slides were then completely decolorized i~ 
1.5% oxalic acid (Sigma Chemicals). 
4. The slides were stained for four hours in acidified 
orcein {lg. orcein in lOOml. 70% alcohol pH adjusted 
to 2 with HC1). Excess stain was washed off with 
water. 
5. The slides were placed in absolute alcohol and were 
checked microscopically every 5 miqutes for an ac-
ceptable color contrast. 
6. The slides were passed through three fifteen minute 
changes of xylene to make sure all paraffin and excess 
particles on the s 1 ides were removed. 
7. The slides were air dried, and then a coverslip was 
mounted using Pro~Texx Mounting Medium {Scientific 
Prodccts). 
* Shikata, T., T. Uzawa, N. Yoshiwara, T. Akatsuka, and 
s. Yamazaki. Staining Methods of Australia Antigen 
in Paraffin Section - Detection of cytoplasmic inclu-
sion bodies. Japan J. Exp. Med. ~{1}: 25-36. 1974. 
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Statistical analysis procedures used to determine the 
- variabi 1 ity .and significance of the data. 
STANDARD DEVIATION 
Standard deviation was used to measure the varia-
bility of the plant height within each treatment group; 
eg. the pure HBAg, HBAg- sera and the water treatments. 
1. The ave rage (mean) height \ias determined 
for each group. · 
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Example: Experiment 2; Ob':iervat.ions taken 35 days 
after treatment 
z. 
3 .. 
Treatment Plant Number 
-
Height {em.} 
HBAg+ 7 1.8 
WBAg+ 8 1.5 
HBAg: 9 2.8 
~~!9 of a 11 four 1 ~e i ghts - .. ~:~-em. 
Average height= sum~ number of plants_ 
= 8.7 cm./4 = 2.115 em. 
How much each value deviates from the mean was 
then determined (in absolute value). 
Example: 
Plant No. ~ight Heisht-Mean .Qevi at ion 
7 1.8 em. 1.8 -2.115 0 3""'5 •- I 8 1.5 em. 1.5- 2,175 0.675 
9 2.8 em. 2.8 -2~175 0.625 
10 2.6 em. 2.6 -2.175 0 .. 425 
Each deviation was squared; all the squares were 
added and the average square of deviation (62) · 
was determined. This term is called the variance. 
Plant No. Deviation De vi at ion Squar~;! 
7 0.375 0.1406 
8 0.675 0.~556 
9 0.625 0.3906 
.10 0.425 0.1806 
Sum of de vi at ions squared I. 1674 
Average= 1.1674 ~ 4 ~ 0.2918 
4. The standard deviation is the square root of 
the variance. 
Variance = 0.2918 
Standard deviation = vo.291Bii0.540 
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A standard deviation of less than 1 was considered 
acceptable. 
ANALYStS OF VARIANCE - _____ ........... _ 
Ana'lysis of variance tests were performed on the 
data from each experiment to ascertain if the differences 
observed were significcmt 9 eg. Experiment 4: Nicotiana 
tabaccum variety xanthi. 
1. The plant heights measured 35 days after inocula-
tion were tabulated in the following way: 
X =.height of plant 
x2= square of plant height 
Sum =addition of values in that column 
Water Control :'!eaat i ve s,~ JiBAg+ {eure) 
XJ XJ2 x2 X 2 x3 
. 2 
> 
x3_ .. 2 
-
:·. 4.0 16. 8.3 68.9 .2 .5 6.3 
10.0 100. 11 .o 121 • 2.0 4.0 
10.2 104. 6.:1 37.2 5.0 25. 
11 121. 8.0 64. 5.0 2·5. 
Sum Jr.i' 341. 33.3 291 "1 t4.S "6'0'73" 
2. The number of plants observed in each treartment 
were determined and designated~by "nu so, 
n1 = 4; n2 = 4; n3 = 4 
"· 
3. The average of the plant height was obtained by 
dividing the sum of plant height by n. 
"X1 = ~Xl 35.2/4 = 8.8 
--rq . 
'X2 = 33.3/4 = 8.3 
x3 = 14.5/4 = 3.6 
4. All the plant heights were added together 
(~Xtot> and all the squares of plant height 
were added together. 
( 2.x2 tct ) 
2-xtot = xl + x2 + x3 
+ 35.2 + 33.3 + 14.5 = 83 
~xtot2 = x12 + x22 + x32 
+ 341 + 291.1 + 60.3 ~ 392.4 
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5. The total number of plants observed in the experi-
ment was obtained by adding the number of plants 
in each treatment. 
N = nl + n2 + n3 
= 4 + 4 ... 4 = 12 
6. Thetotal\sum of squares was obtained, w·ith the · 
following formula; 
2 
1Xtot 2 2 = ~ Xtot - (L. Xtot) /N 2 ' 
=6924-<83 > 
• 12 
6889 
= 692 ~4 - --rr 
= 6 92 • 4 - 57 4 • 1 = 1 18. 3 
7. The between group sum of squares for three groups·. 
was determined; 
~ X~ = . ~X l ) 2 .. + 
= 
= 
(35.2) 2 + 
4 
309.76 + 
+ 65.42 
( ~ Xi) 2 + 
n2 
(33.3) 2 + 
4 
277 .2+52 .56 
~X3)2 - t_x )2 tot 
n3 N 
(14.5) 2 (158) 2 
4 12 
574.1 
8. The within-group squares was obtained for three 
group analysis by subtracting the between group 
sum of squares from the total sum. 
= 118.3- 65.42 = 52.88 
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9. The between group variance estimate was deter-
mined by dividing the between group sum of squares 
by the degrees of freedom (df8 ) •. 
df8 _ = The number of groups - 1 
= .3 
-
i = 2 
65.42 
= 32.71 variance estimate 1 = 2 
10. The within group variance estimate is determined 
by divi~ing the within group sum of squares by 
the degrees of freedom (dfw} - -
dfw - total number of observations minus 
the number of groups 
= 12 -- 3 = 9 
52.88 
estimate of variance = 9 5.87 
11 •. The value off is found by dividing the between 
gFoup variance estimate by the within group vari-
ance estimate: o<j; 
32.71 
F = S .87 
12. Th1s value is checked on a table of F valu~s to 
determine significance. For the number of degrees 
of freedom in this experiment, any F ~alve_ greater 
than 4.26 is significant at the 0.05 level. 
Therefore, the difference in height due to pure 
hepatitis B antigen treatment in this experiment 
is significant. 
Reference: Runyon, R. P. and A. Haber. 
Fundamentals of Behavioral Statistics 3rd ed. 
Wesley Pub. CO. pp. 293-2-95. 1976. 
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